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1. 对 Fe 在[BMIm][BF4]离子液体中的电沉积行为进行了深入研究，发现其在
Au(111)和 Au(100)电极表面分别形成了伪棒状和伪方环状的形状自有序沉积
结构，并且通过对比 Fe 在 Pt(hkl)电极表面的沉积行为验证了基底表面晶型
对 Fe 特殊形状自有序电沉积行为的决定性作用，最后提出并阐明了一种以
静磁耦合作用为主导的磁性金属沉积机制。 
2. 在[BMIm][BF4]离子液体中成功地实现了 Fe 在 Au(hkl)表面的 STM 针尖
“Jump-to-contact” 诱导表面纳米构筑，获得由直径在 3~6 nm，高约 0.3~1.0 
nm 的 Fe 纳米团簇所构成的各种纳米阵列图案， Fe 纳米团簇的尺寸可在一



























































        Nano-scaled magnetic metal materials have important applications in various 
fields such as military, biology, medicine, environment and electronics. Furthermore, 
the electron transport behaviors in the quantum point contacts of magnetic metals, like 
Fe, are essential for new-types of spin-electronic devices. Electrochemical methods 
have many unique advantages, such as low cost, facile potential control and easy 
operation,, which have become one of the most widely used techniques for the 
fabrication and characterization of nano-scaled and functional materials. However, 
hydrogen evolution reaction in traditional aqueous solutions usually greatly interfere 
the electrodeposition process of chemically reactive metals, and thus limits the 
electrochemical application in the construction of functional nanostructures of as well 
as related investigations such as quantum transport through the magnetic metals. To 
break through the limitation of hydrogen evolution, a new strategy is to employ the 
ionic liquids as electrochemical solvent, which bears many excellent characteristics 
such as much wider electrochemical windows, low evaporation and incombustibility. 
        By employing a 1-butyl-3-methylimidazolium tetrafluoroborate ([BMIm][BF4]) 
ionic liquid as solvent, this thesis focus mainly on the development of 
electrodeposition-based in-situ STM methodology for fabrication and characterization 
of Fe magnetic nano-structures from ultra-thin film, clusters to quantum point 
contacts.  The work not only extends the fundamental research on electrodeposition of 
magnetic metals, but also provide a new approach to construct metallic quantum point 
contacts with more reliability and generality, which is a deeply interdisciplinary work 
among electrochemistry, micro-magnetism, nano-electronics and spin-electronics. 
Detailed research contents and main conclusions are shown as follow: 
1. The electrodeposition of Fe in the [BMIm][BF4] ionic liquid have been carefully 
investigated by in-situ STM with observation of a hitherto unreported shape-
ordered nanoscale morphologies of pseudo-rods and pseudo-square on Au(111) 
and Au(100) surfaces, respectively. The generality of the growth mechanism is 
verified by the formation of almost exactly the same shape-ordered Fe 
nanostructures on Pt(hkl). These structures are explained within the framework of 
magnetostatic interactions of spontaneously magnetized grains under 

















2.  “Jump-to-contact” based STM tip induced fabrication of Fe nanoclusters on bare 
Au(hkl) surfaces have been successfully demonstrated in the [BMIm][BF4] ionic 
liquid. Complex patterns as well as large-scale ordered arrays of Fe nanoclusters, 
0.3~1.0 nm in height and 3~6 nm in diameter, have been created with high 
precision. The size of clusters may be adjusted to certain extent with variation of 
the Z-pulse height. The created Fe nanocluster show high stability against 
electrochemical oxidation up to  0.3 V more positive than the equilibrium 
potential of the bulk Fe. By examining and comparing the growth behavior of the 
as-formed Fe nanoclusters on Au(111) and Au(100) by the follow-up in-situ STM 
characterization, experimental evidence is gained for the first time to show that 
nanoclusters created via the “jump-to-contact” mechanism bear a certain kind of 
crystallographic feature copied from the substrate surface. Such a conclusion is 
consistent with GCMC molecular dynamics simulation results. 
3. An electrochemically-assisted STM-BJ has been developed by establishing a 
chemically well-defined metallic contact through the “jump-to-contact” 
mechanism between the tip and substrate of dissimilar metals. The reliability and 
generality of this approach has been proven by the successful construction and 
conductance measurements of three different types of metallic contacts  of Cu, Pd 
and Fe, among them the conductance of Pd and Fe has been found otherwise 
difficult to measure at room temperature. The measured preferential quantum 
conductance for Cu, Pd, and Fe is 1.0, 0.9, and 0.86 G0, respectively. Up to five 
for Fe and three for Cu peaks on the last-step length histogram are observed at 
integral multiples of close to 0.075 nm, a subatomic distance. A model in terms of 
sliding atoms at the contact from the hollow-site to top-site of the adjacent atomic 
planes is proposed, leading to hitherto unreported novel structural evolution 
mechanism of metallic quantum point contacts.  
4. An external magnetic field manipulation system has been built up on the Agilent 
MI STM instrument. The running status of the magnetic setups is evaluated. A 
horizontal magnetic field of ~2000 Gs and a perpendicular magnetic field of 
~2400 Gs can be reached. It lays foundation for the following related nano-
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